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A NEW SPECIESOF LINSTOWIA
(CESTODA:ANOPLOCEPHALIDAE)
FROMMARSUPIALSIN BOLIVIA
Scott L. Gardnerand MarielL. Campbell
of California,
95616-8668
Davis,California
Departmentof Nematology,The University
A new species of cestode of the genus Linstowia (Cestoda:Anoplocephalidae)is describedfrom
marsupialsof the generaThylamysand Monodelphis.The new species(Linstowiaschmidti)differsfromLinstowia

ABSTRACT:

iheringi Zschokke, 1904, in having a much smaller strobila and reduced number of proglottids, and in the
distribution of the eggs in gravid proglottids. In Bolivia, cestodes of the genus Linstowia appear to have a
restricted geographic distribution, occurring in marsupials only in southeastern Bolivia near the western margin
of the Chaco. This host-parasite association may represent an ecological-historical relict.

Cestodes of the genus Linstowia Zschokke,
1899, parasitic in didelphid marsupials in South
America, have been little studied since the first
works of Zschokke (1899, 1904a, 1904b) when
the taxonomy and geographic distribution of these
cestodes first were described. These cestodes occur in South American didelphid marsupials and
Australian
and monotremes
marsupials
(Zschokke, 1899, 1904a, 1904b; Janicki, 1906;
Gomes, 1979; Beveridge, 1983). Up to the present time, 3 species of Linstowia have been reported from Australia, whereas only a single species, Linstowia iheringi Zschokke, 1904, has been
described from marsupials in the neotropics.
Since the first description of L. iheringi based on
specimens collected in Brazil by von Ihering, only
Gomes (1979) has reported these cestodes from
South American marsupials, also from Brazil. At
present, very little is known of the abundance,
diversity, and geographic distribution of these
cestodes in South American marsupials.
Equally little is known of the helminth fauna
of marsupials of the genera Thylamys and Monodelphis in the neotropics, and prior to our work
in Bolivia almost no information was available
concerning the ecological relationships of marsupials and their parasites in that biotically diverse country. In collaboration with individuals
from the Zoo Santa Cruz, Fauna Sudamericana,
the National Museum of Natural History, La
Paz, the American Museum of Natural History,
and the Museum of Southwestern Biology, we
were able to analyze data on the endoparasites
from a large series of marsupials collected from
throughout Bolivia. In the present paper we describe a new species of Linstowia from species

representing the didelphid genera Thylamys and
Monodelphis collected in Bolivia.
We follow Schmidt (1986) in recognizing the
Linstowiinae as a subfamily of Anoplocephalidae. Beveridge (1983) followed Baer (1927) in
using 2 subgenera (Paralinstowia Baer, 1927, and
Linstowia) for species of Linstowia. We consider
the cestodes discussed in the present paper to
represent a species of the genus Linstowia because of the presence of egg capsules (1 capsule
around each egg) in the gravid proglottids and
the fact that the terminal genital canals pass ventrally to the excretory canals. The new species is
assigned to the subgenus Paralinstowia in that it
has a small cirrus pouch and relatively few testes
(Beveridge, 1983).
MATERIALS
ANDMETHODS
Cestodeswereobtainedfrom marsupialsfrom a single locality in the departmentof Chuquisaca,Bolivia,
from 6 to 15 July 1985. The collection locality, in the
vicinity of Porvenir,is a deciduoustropicalwoodland
in the Andeanfoothills nearthe westernmarginof the
Chaco thorn forest (Unzueta, 1975). Marsupialswere
collectedin live-trapsand examinedfor helminthparasites within a few minutes of death in most cases.
Cestodes were collected from the small intestine,
killed, and relaxedin distilled waterand preservedin
10%formalin.Specimenswere stained in either Grenacher'scarmineor Ehrlich'shematoxylin,dehydrated
in ethanol, cleared in terpineol and xylene, and permanently mounted on a slide in Canadabalsam. All
measurementsare given in micrometerswith means
followingin parenthesesunless otherwiseindicated.
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DESCRIPTION
Linstowia schmidti n. sp.
(Figs.1-5)
Diagnosis: Total length (n = 7) 7.17-12.20 mm
(9.64 mm); maximum width (n = 8) 690-1,010 (830),
attainedin late matureproglottids.Strobilaconsists of
24-38 (29) craspedoteproglottids.Matureproglottids
widerthanlong(abouthalfas longas wide),with lengthto-width ratio of 0.43-0.49 (n = 3) in last matureproglottid. Increasein relative lengthbeginningin proxi-
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FIGURES1-3. Characteristics of Linstowia schmidti n. sp. from Bolivian marsupials. 1. Strobila and scolex
showing characteristic elongation of terminal gravid proglottids. 2. Dorsal view of mature proglottid. 3. Enlarged
view of mature proglottid, dorsal view.

mal gravid proglottids results in tapering toward the
last proglottid, which is always longer than wide. Scolex
496-845 (690) long by 745-1,042 (891) wide. Suckers
294-407 (350) x 298-414 (351). Genital pores irregularly alternating. Genital atrium with delicate musculature, opening on anterior lateral margin of proglottid. Genital ducts pass ventrally to paired

longitudinal osmoregulatory canals. Dorsal excretory
canal 4-10 in diameter, external to ventral canal. Ventral canal fenestrated, 18-60 in diameter, connecting
with ventral canal in the opposite side of the proglottid
by anastomosing branches. Cirrus sac ovoid, 83-160
(130) x 55-71 (64), extending to level of ventral osmoregulatory canal. Cirrus spinose, coiled within cir-
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FIGURES
4, 5. Characteristicsof gravidproglottids
of Linstowiaschmidtin. sp. from Bolivian marsupials.
4. Dorsal view of penultimategravidproglottidshowing distributionof eggsthroughproglottid.5. Detail of
eggs,indistincteggshell, and eggcapsulefromultimate
gravid proglottid.Eggsillustratedwere located in uncrowdedmarginalregion of proglottid.

rus sac. Vas deferenscoiled, surroundedby glandular
cells, anteriorto ovary. Internaland externalseminal
vesicles absent. Testes subspherical,25-38 (29) per
proglottid,distributeddorsallyacrossmedullabetween
osmoregulatorycanals, frequentlyoverlappingreproductive structures.Testis diameter30-49 (40). Vagina
surroundedby glandularcells, vaginal canal forming
expanded seminal receptacle dorsal and anterior to
ovarywhen filledwith sperm.Seminalreceptaclevariable, 77-130 (100) x 17-45 (32). Duct from seminal
receptablenarrow,proceedingposteriadfrom seminal
receptaclejoining with oviduct and formingthe fertilization canal. Dorsal to vitelline gland, short vitelline
canal fuses with fertilizationduct, which subsequently
loops anterodorsallybefore entering Mehlis's gland.
Ovary bilobed with narrowcentral isthmus 100-161
(122) in maximum length by 115-183 (154) in maximum width. Vitelline gland 59-86 (69) in maximum
lengthby 60-95 (75) in maximumwidth, situatedventral and posteriorto ovary. Uterine duct passes anteriorlyand dorsallyfrom Mehlis'sgland,then descends
to enterthe uterusanteroventrallyto the ovary.Uterus
ventralto ovary, never distinct, transforminginto egg
capsules in gravid proglottid. On transformationof
uterus,eggs dispersethroughoutparenchymawith relatively more ripe eggs in outer marginsof proglottids
(Fig. 4). Eggsovoid (Fig. 5), hexacanthembryo 23-27
(25) x 15-27 (21). Egg capsules indistinct, visible in
marginsof proglottids.
Taxonomic summary
Type host: Thylamys elegans venusta (Thomas,
1902).

Otherhosts: Monodelphisdomestica(Wagner,1842).
Site of infection: Attachedto mucosain first70 mm
of length of small intestine (total length of small intestine 111 mm).
Typelocality: Porvenir,675 m, DepartmentofChuquisaca, Bolivia, South America(20?45'S,63?13'W).
Specimensdeposited:Holotype:USNM Helm. Coll.
no. 82216 from T. elegans venusta, American Museum of Natural History (AMNH), Department of
MammalogyCatalogueno. 261257 (Museumof South-

FIGURE
6. Map of Bolivia showinggeneralizedcollection localitiesof marsupialsfrom throughoutBolivia (1984-1987). Trianglesshow collections of marsupialsfromwhichcestodeswerenot found;shadedzone,
indicatedby the arrow,shows area from which marsupials infectedwith Linstowiacestodes were found.

western Biology [MSB] Frozen Tissue Collection no.
NK12554), collected on 6 July 1985. Paratypes:Two
individuals,University of CaliforniaDavis Nematode
Collection(UCDNC) no. UCDNC 2831 and UCDNC
2832 from M. domestica, AMNH, Department of
MammalogyCatalogueno. 261244 (MSBFrozenTissueCollectionno. NK12669),collectedon 15July 1985.
Etymology: This cestode is named after the late
GeraldD. Schmidt, friend, teacher,parasitologist.
Remarks
With the exceptionof DidelphisvirginiaKerr,which
is a recentimmigrantto the Nearctic Region, marsupials of the family Didelphidaepresentlyoccuronly in
the neotropics(Simpson, 1980;Marshall,1982). MarsupialsrepresentingDidelphidae(which includes species of the genera Thylamys and Monodelphis)are
known as fossils extendingback as far as 65 million
yearsin SouthAmericawith a somewhatolderhistory
in North America (Marshall,1982, 1988; Reig et al.,
1987).The ancestryof Australianmarsupialscurrently
is underdebate (Reig et al., 1987), and althoughthere
is some evidence that the Australianmarsupialswere
derived from micribiotheriidancestors (Reig et al.,
1987), these debates have not been resolved. At the
present time didelphid marsupials(the hosts of Linstowia in the neotropics)do not occur in Australiaor
New Guinea(Simpson, 1980; Reig et al., 1987);therefore, L. schmidtiis comparedonly with Linstowiaihe-
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ringi,presentlythe only speciesof the genusLinstowia
known from mammals in the neotropics.
These cestodes do not resembleany previouslydescribedfrom marsupialsin the neotropics.Linstowia
schmidtin. sp. can be recognizedas distinct from L.
iheringiin havinga much smallerstrobila(meanlength
of 9.6 mm for L. schmidti vs. about 46 mm for L.
iheringi)and fewer proglottids(24-38 vs. about 84200 in L. iheringi).In addition, the terminal gravid
proglottidsof L. schmidtiare much longerthan wide,
whichis a sharpcontrastto the wide and shortterminal
gravidproglottidsin L. iheringi.However,an increase
in relative length of gravid proglottidsoccurs in both
species. In L. schmidti, the eggs are distributedrelatively evenly throughoutthe parenchymaof the terminalgravidproglottids,whereasin L. iheringithe eggs
are distributedprimarilyin the lateralmarginsof the
gravidproglottids.
A clarificationof the correctspecificname of L. iheringi is necessaryas many authorsare usingjheringi
insteadof iheringi.The cestodewasnamedby Zschokke
(1904a) afterH. von Ihering.However,it appearsthat
the name was mistyped in the paper by Zschokke
(1904a), whereon page 51 he states "...; mich selbst
setzt das freundlicheund sehr verdankenswerteZuvorkommenH. v. Jheringsin Sao Paolo in den Stand,
einen Cestoden aus Peramys americanazu beschreiben."In anotherpaperwrittenlater,Zschokke(1904b)
used the correct spelling of H. von Iheringand used
the correctlyspelledspecificname wherehe states,"H.
v. Iheringiibergabmir in sehrverdankenswerter
Weise
einen Cestoden aus Peramys americana, den ich an
andrerStelle beschreibenwerde,"and "...; Peramys
americanabeherbergtLinstowiaiheringiZsch.;in Didelphys bistriata wohnt L. brasiliensisJanicki." We
considerthe secondpaperby Zschokke(1904b) to representa "justifiedemendation."This explicitlyfollows
the InternationalCode of Zoological Nomenclature
(Ride et al., 1985), article 33b, i and ii (p. 73) and
example therein.
DISCUSSION
Although collections of marsupials were made
from throughout Bolivia, individuals infected
with Linstowia cestodes were recorded only from
the region of Porvenir in southeastern Bolivia
(Fig. 6). In this area, the life cycle of cestodes
parasitic in small opossums of the genera Thylamys and Monodelphis still is intact; the intermediate host(s), unknown in this case, must occur in intimate association with the definitive
host. These tapeworms have been reported also
from Brazil (Zschokke, 1904a, 1904b; Janicki,
1906; Gomes, 1979); however, no information
is available on the ecological associations of L.
iheringi and its marsupial hosts in this region.
Because of the apparent age of this host-parasite
association (a trans-Antarctic land mass connection between South America and Australia is
thought to have persisted only into the early Eocene [see review by Raven and Axelrod, 1974]),

we propose that current species of Linstowia in
the neotropics represent ecological-historical relicts. Furthermore, the area in southeastern Bolivia may represent an ecologically old region
where the life cycle of Linstowia currently is being maintained, perhaps due to the presence of
suitable intermediate hosts. This idea is supported by the absence of Linstowia from other
regions of Bolivia, despite extensive collections
of marsupials (including Thylamys and Monodelphis) from other areas, and by the work of
Sarmiento (1976), who provided evidence that
the Chaco habitat-type may represent one of the
oldest biotic associations in the neotropics, second in age only to the rain forests.
The paucity of information concerning the distribution and general ecological associations of
linstowiid cestodes and their hosts in other areas
of South America hampers efforts to understand
biogeographic patterns in this genus. The recognition of L. schmidti from Bolivian marsupials, nearly a century after the original description
ofL. iheringi, is a further indication of how little
is known of the helminth fauna of mammals in
the neotropics.
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